Tendinopathy is a broad term encompassing painful conditions occurring in and around tendons in response to overuse. Recent basic science research suggests little or no inflammation is present in these conditions. Thus, traditional treatment modalities aimed at controlling inflammation such as corticosteroid injections and nonsteroidal antiinflammatory medications (NSAIDS) may not be the most effective options. We performed a systematic review of the literature to determine the best treatment options for tendinopathy. We evaluated the effectiveness of NSAIDS, corticosteroid injections, exercise-based physical therapy, physical therapy modalities, shock wave therapy, sclerotherapy, nitric oxide patches, surgery, growth factors, and stem cell treatment. NSAIDS and corticosteroids appear to provide pain relief in the short term, but their effectiveness in the long term has not been demonstrated. We identified inconsistent results with shock wave therapy and physical therapy modalities such as ultrasound, iontophoresis and low-level laser therapy. Current data support the use of eccentric strengthening protocols, sclerotherapy, and nitric oxide patches, but larger, multicenter trials are needed to confirm the early results with these treatments. Preliminary work with growth factors and stem cells is promising, but further study is required in these fields. Surgery remains the last option due to the morbidity and inconsistent outcomes. The ideal treatment for tendinopathy remains unclear. Level of Evidence: Level II, systematic review. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
Traditionally, pain in and around tendons associated with activity has been termed tendonitis. This terminology implies the pain associated with these conditions results from an inflammatory process. Not surprisingly, treatment modalities have mainly been aimed at controlling this inflammation. The mainstays of treatment have included rest, nonsteroidal antiinflammatory medications (NSAIDs), and periodic local corticosteroid injections.
There are two problems with this approach. First, several studies demonstrate little or no inflammation is actually present in tendons exposed to overuse [83, 96, 163] . Second, traditional treatment modalities aimed at modulating inflammation have had limited success in treating chronic, painful conditions arising from overuse of tendons. More recently, the term tendinopathy has been advocated to describe the variety of painful conditions that develop in and around tendons in response to overuse. Histopathologic changes associated with tendinopathy include degeneration and disorganization of collagen fibers, increased cellularity, and minimal inflammation [83, 163] . Macroscopic changes include tendon thickening, loss of mechanical properties, and pain [163] . Recent work demonstrates several changes occur in response to overuse Each author certifies that he has no commercial associations (eg consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. including the production of matrix metalloproteinases (MMPs), tendon cell apoptosis, chondroid metaplasia of the tendon, and expression of protective factors such as insulin-like growth factor 1 (IGF-1) and nitric oxide synthetase (NOS) [10, 76, 93, 99, 154, 155, 174, 199] . Although many of these biochemical changes are pathologic and result in tendon degeneration, others appear beneficial or protective. Tendinopathy appears to result from an imbalance between the protective/regenerative changes and the pathologic responses that result from tendon overuse. The net result is tendon degeneration, weakness, tearing, and pain.
As the basic science of tendinopathy has evolved, so have the treatment options for these conditions. We investigated the multitude of options proposed for the treatment of tendinopathy. Based on the authors' knowledge of the field and an extensive literature review, we evaluated the following treatment options: NSAIDS; exercise-based physical therapy; physical therapy modalities including iontophoresis, phonophoresis, ultrasound, transverse friction massage, and low-level laser therapy; corticosteroid injections; glyceryl trinitrate patches; shock wave therapy; sclerotherapy; surgery; growth factor treatment; and stem cell treatment. Our goal was to provide a comprehensive and up-to-date review of these treatment options with recommendations based on the best level of evidence available.
Search Strategies and Criteria
The available literature was reviewed using PubMed and the Cochrane register of controlled trials. An initial search of these databases using the terms ''tendinopathy'' OR ''tendonitis'' OR ''tendinosis'' OR ''epicondylitis'' resulted in 5745 and 408 hits, respectively. Limiting the search to English language clinical trials and meta-analyses resulted in 346 and 383 hits. The titles and abstracts of these articles were then individually reviewed. Only studies evaluating the treatment modalities described above were kept for this review. In addition, studies evaluating tendinopathy of the fingers and hand were discarded as tendinopathy seen in these tendons, which typically have synovial sheaths, appear to involve a different, often inflammatory process. Upon completion of this literature search, a total of 177 studies were selected for review. Based on the magnitude of this review, no attempt was made to grade these studies in terms of methodological quality. In the emerging treatment areas where few or no clinical trials have been performed, the literature search was expanded to include pilot studies and animal studies to better define the current and future options in these areas.
FDA-approved NSAIDs
Oral NSAIDs have been used extensively for decades to treat pain associated with tendon overuse. More recently, the local administration of NSAIDs through gels or patches has been advocated. Our literature search identified 37 randomized clinical trials and systematic reviews evaluating NSAIDS in the treatment of tendinopathy. Of these, only 17 studies were placebo-controlled [2, 13, 30, 48, 58, 61, 71, 89, 100, 105, 107, 133, 134, 148, 153, 164, 178] . Overall, the evidence suggests both oral and local NSAIDS are effective in relieving the pain associated with tendinopathy in the short term (7-14 days) . Only three of the 17 studies evaluated showed no improvement with NSAIDS [13, 71, 89] . Oral and local NSAIDs appear effective in the treatment of acute shoulder bursitis/tendonitis [105, 107, 133, 134, 196] . One study also showed some success treating longer-standing shoulder pain with naprosyn sodium [133] . In a randomized, placebo-controlled, double-blind study, naprosyn sodium was more effective than placebo but not as effective as a corticosteroid injection in the treatment of shoulder bursitis/tendonitis at 4 weeks. Not surprisingly, the patients who presented with a longer duration and greater severity of symptoms were more likely to have a poor response to both corticosteroid injection and/or oral NSAIDs.
NSAIDs do not seem nearly as effective in treating lateral epicondylitis or Achilles tendinopathy [13, 64, 71, 106] . The only study to look at the effectiveness of NSA-IDS for the treatment of lateral epicondylitis in the long term reported no difference between placebo and naproxen treatment groups at 1-year followup [71] . A systematic review of NSAID use for lateral epicondylitis identified data to support the use of local NSAIDs with a decrease in pain in the short term (2 weeks) [64] . However, there is little evidence to support or refute the use of topical or oral NSAIDs in the long term. In addition, long-term NSAID use increases the risk of gastrointestinal, cardiovascular, and renal complications associated with these medications. Overall, a short course of NSAIDs appears a reasonable option for the treatment of acute pain associated with tendon overuse, particularly about the shoulder. There is no clear evidence that NSAIDS are effective in the treatment of chronic tendinopathy in the long term.
Physical Therapy
Physical therapy has been commonly used for the treatment of tendinopathies. There is, however, mixed data to support its use. The type of therapy used can be quite variable from one therapist to the next, and orthopaedic surgeons are often not involved in choosing the type of therapy used.
Stretching and strengthening programs are a common component of most therapy programs. Therapists also use other modalities, including ultrasound, iontophoresis, deep transverse friction massage, low-level laser therapy, and hyperthermia.
Stretching/Strengthening
Eccentric strengthening programs have recently been advocated in the treatment of tendinopathy ( Fig. 1A-C) [7, 103, 158] . Our literature review identified 16 controlled clinical trials and systematic reviews evaluating this modality. One of these studies had a control group that received no treatment [143] . This study showed improvement in the eccentric strengthening group compared to a ''wait and see'' group at 4 months. The other clinical trials evaluating eccentric strengthening compared it to other treatment modalities [14, 56, 78, 103, 104, 117, 132, 141, 145, 190] . A 12-week course of eccentric strengthening exercises was more effective than a traditional concentric strengthening program for treating Achilles and patellar tendinopathy in recreational athletes [78, 103] . In the Achilles tendinopathy study, 82% of the patients randomized to the eccentric strengthening protocol described improvement in pain levels compared with 36% in the concentric training group. Imaging of the Achilles tendon before and after a 12-week eccentric training protocol showed thinning and normalization of the tendon structure both on ultrasound and MRI [120, 157] . Interestingly, eccentric strengthening produced better results in tendinopathy of the midsubstance of the Achilles compared with insertional tendinopathy [53] .
Eccentric strengthening protocols have also been successful in the treatment of lateral epicondylitis [41] . In a well-designed study, 92 patients with lateral epicondylitis were randomized to a standard physical therapy protocol with and without an eccentric strengthening program [41] . The group with the eccentric strengthening showed a considerable improvement in pain, strength, and function compared with the control group. A similar study showed no difference among patients assigned to stretching and icing alone, stretching and icing with eccentric strengthening, or stretching and icing with concentric strengthening [104] . A systematic review of the literature on eccentric strength training for the treatment of tendinopathy has been published [197] . Based on the variable results of the current studies, this review concluded there is only limited evidence to support the use of eccentric exercise over other treatments such as concentric exercise, stretching, splinting, massage, and ultrasound.
In addition to the data on eccentric strengthening, good results have been reported with a formal mobilization and strengthening program for rotator cuff tendonitis [15, 27, 37] . In one study, 125 patients were randomized to arthroscopic acromioplasty, a formal supervised rotator cuff strengthening program, or a placebo laser treatment [27] . Both the acromioplasty group and the physical therapy group had improved pain scores at 6 months compared with the placebo group. There was no difference in pain scores between the two treatment groups. In another randomized clinical trial, 52 patients with shoulder impingement were assigned to manual physical therapy in addition to a stretching and strengthening protocol or to stretching and strengthening without manual therapy [15] .
The study reported the addition of manual therapy resulted in an improvement in pain scores and strength at followup.
Other Modalities
There are a wide variety of modalities available to the physical therapist, and it is difficult to predict which technique or group of techniques a given therapist will utilize. While a typical orthopaedic surgeon is not involved in prescribing these treatments, it is worthwhile to have a feeling for what treatment options are available and how effective they are. Ultrasound, iontophoresis, low-level lasers, and phonophoresis are FDA approved; the 434-MHz hyperthermia device is not FDA approved for tendinopathy. Our literature review identified 51 references for clinical trials and systematic reviews of common therapy modalities. Low-level laser treatment (LLLT) has been studied extensively with mixed results. Of the 14 randomized clinical trials evaluating LLLT, two were discarded due to inadequate controls. Of the remaining studies, five showed improvement treating tendinopathy with LLLT compared to placebo LLLT [23, 52, 90, 170, 171] , while seven studies showed no difference [16, 21, 69, 87, 101, 184, 186] . Four systematic reviews have addressed LLLT and all agreed the best current level of evidence does not support its use in the treatment of tendinopathy [65, 106, 168, 181] .
The other physical therapy modalities have not been studied as extensively, but have similar conflicting results in the literature. Iontophoresis and phonophoresis involve using ionizing current or ultrasound to deliver medications locally. Corticosteroids and NSAIDS are commonly used with these modalities. Only six adequately controlled studies could be identified and four of these reported no improvement compared to controls [84, 116, 147, 185] . Transverse friction massage has also been used to treat tendinopathy, but only three studies have evaluated this modality [26, 51, 167] . None of these studies showed a benefit to deep friction massage over other physical therapy modalities. A Cochrane review evaluating deep friction massage found no benefit with deep friction massage over other treatments.
Another physical therapy modality commonly used in the treatment of tendinopathy is therapeutic ultrasound. Eight well-controlled trials and systematic reviews were identified on this subject [20, 42, 47, 49, 84, 137, 167, 183] . Three controlled trials demonstrated a benefit [20, 49, 84] with therapeutic ultrasound used in the treatment of lateral epicondylitis and calcific tendonitis of the supraspinatus. A systematic review of physical therapy modalities used for the treatment of shoulder pain suggested ultrasound appeared effective for the treatment of calcific tendonitis [1] . Another extensive systematic review of the medical and physical therapy literature investigated the use of ultrasound for the treatment of musculoskeletal disorders [183] . The only area where ultrasound showed slight promise was in the treatment of lateral epicondylitis. Pooled data from trials evaluating the treatment of lateral epicondylitis with ultrasound compared to controls showed the estimated difference in success rate to be 15%.
Hyperthermia has also been used in the treatment of tendinopathy. This modality involves using deep-heating machines that combine a superficial cooling system with a microwave-powered heating system. This can increase the temperature of target tissues approximately 4°C without damaging the skin. Presumably this increased temperature results in increased blood flow and subsequent healing to the damaged area. Two randomized clinical trials from a single institution have been published evaluating hyperthermia compared to therapeutic ultrasound in the treatment of tendinopathy [62, 63] . These trials report improvements in pain and patient satisfaction in the hyperthermia group compared to the ultrasound group. No other clinical trials have evaluated hyperthermia in the treatment of tendinopathy.
In summary, there is some evidence that eccentric strengthening programs may be effective in the treatment of tendinopathy. There is currently little evidence available to support the use of most physical therapy modalities including LLLT, iontophoresis, phonophoresis, therapeutic ultrasound, or deep friction massage. One exception to this is the use of ultrasound for calcific tendonitis. Early data on hyperthermia is also encouraging, but remains preliminary. Further research with higher-powered studies would be useful to determine the most effective physical therapy regime for the treatment of tendinopathies.
FDA-approved Corticosteroids
Corticosteroid injections have been a mainstay in the treatment of tendinopathy. Despite their widespread use, there is some controversy as to their usefulness and safety in this setting. Our literature search identified 19 controlled trials and systematic reviews with mixed results regarding corticosteroid injections in the treatment of tendinopathy [2, 8, 9, 11, 12, 43, 71, 73, 86, 114, 133, 149, 159, 160, 172, 180, 187, 193, 194] . Several studies report good short-term pain control (B 6 weeks) with corticosteroid injections in patients with lateral epicondylitis and shoulder impingement [46, 71, 160, 188] . The long-term efficacy of corticosteroid injections for tendinopathy has not been demonstrated. Corticosteroid injections for lateral epicondylitis do not provide any long-term benefit (6-12 months) compared with placebo, NSAIDs, or physical therapy in randomized, controlled studies [71, 159, 160, 188] . Mixed results have been published with regard to the long-term benefits of subacromial corticosteroid injections for rotator cuff tendinopathy. Several well-controlled studies report a small but statistically significant level of improvement in the short term using corticosteroids in the treatment of shoulder impingement [3, 25, 133] . In contrast, several authors have reported no major benefit with corticosteroid injections over control patients in the treatment of shoulder impingement [9, 187] . An extensive systematic review evaluating the efficacy of corticosteroid injections in the treatment of rotator cuff disease recently reported little or no evidence to support the use of corticosteroid injections for these patients [86] .
In addition to the question of the efficacy of corticosteroid injections in the medium-term treatment of tendinopathy, there is a question of safety with using these medications in this setting. Several cases of Achilles tendon rupture have been reported after corticosteroid injections to this region [17, 32, 55, 77, 85] . More recently, Gill et al. [60] described a series of 83 injections to the Achilles region without serious complication. The key point here is they injected the steroid under fluoroscopic guidance around the tendon but not within the substance of the tendon. Of note, only 40% of the patients in this series reported improvement after the procedure at the 2-year followup.
In summary, corticosteroid injections have been used for decades in the treatment of tendinopathy. There is strong evidence they relieve pain in the short term up to 6 weeks, but there is no evidence they provide any benefit in the long term (beyond 6 months) for the treatment of chronic tendinopathy. It appears the risks associated with corticosteroid injections can be minimized by injecting under image guidance to ensure the injection is paratendinous rather than intratendinous.
Glyceryl Trinitrate Patches
The treatment of tendinopathy with glyceryl trinitrate patches is an off-label use of an FDA-approved medication. Nitric oxide (NO) is a soluble molecule produced by a family of enzymes called nitric oxide synthases (NOS). In large doses, NO can be toxic, but in smaller, physiological doses, it acts as a cellular messenger and appears to play a role in blood pressure, memory, and host defense. NO appears to play a role in tendon healing after injury. In a rat Achilles tendon healing model, inhibition of NOS resulted in a decreased cross-sectional area and load to failure of the healing tendon [112] . The addition of NO in this model enhances tendon healing suggesting the addition of exogenous NO to an area of tendon damage may promote tendon healing [198] .
Based on this information, three randomized, controlled, double-blind clinical studies were designed to determine whether the topical administration of NO would enhance tendon healing in humans. In these studies, NO was delivered transcutaneously to the area of painful tendinopathy using commercially available glyceryl trinitrate (GTN) patches ( Fig. 2A-B ). This series of trials evaluated the effectiveness of the GTN patch in the treatment of lateral epicondylitis, Achilles tendinopathy, and rotator cuff tendinopathy [124] [125] [126] . In all three studies, 53 to 86 patients were randomly assigned to the treatment group or control group. The treatment group received GTN patches that delivered 1.25 mg GTN every 24 hours. The control group received a placebo patch. The patients and investigators were blinded to which patch was given to the patient. Both groups of patients were instructed to place the patch directly over the area of greatest tenderness/pain and to change the patch every 24 hours. The patches were worn until the symptoms subsided or the study ended (6 months).
All three studies showed improvement in the treatment groups compared with the control groups. In addition to decreased pain, patients demonstrated increased power and improved function in the area of interest. Most impressive was the percentage of patients who were asymptomatic with activities of daily living in the treatment group compared with the control group. In the tennis elbow study, 81% of the treatment group was asymptomatic compared with 60% of the control group. The Achilles tendinopathy study showed 78% of the treatment group asymptomatic with activities of daily living at 6 months versus 49% of the control group. Lastly, the supraspinatus tendinopathy data showed 46% of patients asymptomatic in the treatment group compared with 24% of the control subjects.
There is some question whether nitric oxide simply has an analgesic effect or a healing effect in the treatment of tendinopathy. A 3-year followup of the Achilles tendinopathy study described above has recently been published [127] . It showed persistent improvement in the group treated with the GTN patches for 6 months compared to the control group. At 3 years, 88% of the treatment group was completely asymptomatic compared to 67% of the control group. This study suggests treatment with transdermal GTN had a healing effect rather than an analgesic effect in Achilles tendinopathy. In contrast to this, another randomized clinical trial was previously published comparing a 3-day course of transdermal nitroglycerin patches to placebo in 20 patients with rotator cuff tendinopathy [19] . This study reported an improvement in pain scores in the treatment group compared to the control group as early as 24 hours after starting the patch. The improvement in pain was seen at all three time points: 1, 2, and 15 days. This suggests topical nitric oxide may have an analgesic effect as well.
As a whole, these studies provide convincing evidence the administration of NO directly over an area of tendinopathy through a GTN patch enhances healing and provides some pain relief in the treatment of tendinopathy. The most commonly described side effect seen with this treatment modality is headaches [19, [124] [125] [126] [127] . The headaches can be severe enough to cause cessation of treatment. As the majority of the work in the area of NO in the treatment of tendinopathy has come from one group, larger multicenter trials would be useful in validating this treatment modality.
Extracorporeal Shock Wave Therapy
Extracorporeal shock wave therapy (ESWT) has been advocated for treating a number of soft tissue conditions, including plantar fasciitis, lateral epicondylitis, calcific and noncalcific tendonitis of the supraspinatus, and tendinopathy of the Achilles tendon. It is FDA-approved for plantar fasciitis and lateral epicondylitis only. ESWT entails delivering a series of low-energy shock waves directly over the painful area of the tendon. The mechanism by which ESWT would provide pain relief or enhance tendon healing is not clear. Ohtori et al. [121] reported the administration of a single session of low-energy shock waves to rat skin resulted in nearly complete degeneration of epidermal sensory nerve fibers. The fibers began to regenerate in 14 days. By applying a second session of shock waves at 14 days, the nerve fiber regeneration was delayed to 42 days [175] . There is also evidence tenocytes release growth factors in response to ESWT that may promote tendon healing. Chen et al. [33] reported administering shock waves to a rat Achilles tendinopathy model resulted in increased tenocyte proliferation and increased expression of transforming growth factor-beta1 and insulin growth factor 1.
The ideal method for applying ESWT is also not clear. Published trials vary greatly with regard to the intensity and frequency of the shock waves, the duration of the treatment, the timing and number of repeat treatments given, and the use of local anesthetic. This variability makes it difficult to compare one study with the next.
The most important question about ESWT is whether it is effective in treating tendinopathy. This treatment modality has been extensively studied over the past 10 years, and there is a great deal of variability in the data. Our literature search identified 34 clinical trials and systematic reviews investigating ESWT. The most convincing data are seen in the treatment of calcific tendonitis of the supraspinatus. Several large randomized, controlled trials report good results using ESWT in the treatment of calcific tendonitis of the rotator cuff with a reported improvement in pain scores and a decrease in the size of calcific deposits seen on radiographs compared with placebo [4, 31, 39, 59, 98, 110, 123, 130, 131, 136, 140] . One advantage to treating calcific tendonitis with this method is the ability to visualize the area of pathology and target this area with the shock waves [67, 74, 150] . Improved efficacy has been demonstrated when using computer-guided navigation when applying shock waves to calcific tendonitis [150] . The effectiveness of ESWT for treating noncalcific tendonitis has been less promising. Two controlled, randomized clinical trials report no major benefit with ESWT compared with placebo for the treatment of noncalcific tendinopathy of the supraspinatus [152, 166] .
Variable results have been demonstrated with the use of ESWT in the treatment of lateral epicondylitis. There have been reports of improved pain and function compared to control groups using ESWT in the treatment of lateral epicondylitis [135, 142] . However, the majority of studies evaluating ESWT for the treatment of lateral epicondylitis report no improvement using this modality compared to controls [35, 68, 91, 165] . Two systematic reviews have investigated this issue and have concluded ESWT provides little or no benefit in the treatment of lateral epicondylitis [22, 29] . Similar, contradictory findings are seen with the use of ESWT in the treatment of Achilles tendinopathy. One study reported ESWT comparable to eccentric training and superior to a wait-and-see policy for the treatment of Achilles tendinopathy in a randomized clinical trial [143] . In contrast, another randomized, double-blind clinical trial reported no difference between patients treated with ESWT and sham ESWT in the treatment of Achilles tendinopathy [40] . Of note, this study also reported two episodes of Achilles tendon rupture in the ESWT group and questioned the safety of this treatment modality for the Achilles tendon in older patients.
In summary, ESWT remains a controversial treatment option for tendinopathy. Good evidence is available to support the use of this modality in calcific tendinopathy of the rotator cuff. The best current evidence does not support its use in noncalcifying tendinopathy of the rotator cuff or lateral epicondylitis. Further evidence is needed to justify the use of ESWT in Achilles tendinopathy and patellar tendinopathy. It is difficult to make conclusions with the current data available because of the wide variability in results and treatment protocols between studies.
Sclerotherapy
Sclerotherapy involves injecting a chemical into a blood vessel, which results in sclerosis of that vessel. Polidocanol was used as the sclerosing agent in all of the studies. Polidocanol is not FDA-approved although other sclerosing agents are. The rationale behind using sclerotherapy in tendinopathy is based on the finding that there is a proliferation of small blood vessels in areas of tendinopathy. Nerve fibers appear to travel in close proximity to these areas of neovascularization [24, 95, 97] . It is possible these nerve fibers are the pain generators in tendinopathy. In theory, injecting a sclerosing agent into the areas of neovascularization could not only sclerose the vessels, but also may eradicate the pain-generating nerve fibers. These injections are performed under Doppler ultrasound guidance ( Fig. 3A-C) .
This theory has been tested in a series of clinical trials evaluating the treatment of tennis elbow, patellar tendinopathy, and Achilles tendinopathy with sclerotherapy [72, 119, 200] . High-resolution ultrasonography with color Doppler was performed in all studies to locate areas of neovascularization and to guide injection of the sclerosing agent, polidocanol. This treatment method showed promising results in two small pilot studies [119, 200] . In the first study, polidocanol was injected in 13 elbows with lateral epicondylitis. A good short-term (8 months) result with increased strength and decreased pain was seen in 11 of 13 elbows [200] . Similar results were seen in a pilot study injecting the midsubstance of the Achilles tendon with the sclerosing agent. Here a good result was reported in eight of 10 Achilles tendons at 6 months followup [119] . This report was followed by a larger series of 42 patients treated with polidocanol injections for midsubstance Achilles tendinopathy. At 2 years followup, 38 of 42 patients were satisfied with their results and showed a considerable decrease in mean pain visual analog scale scores from 75 before the procedure to 7 at the latest followup [94] . Similar results were reported in a small randomized, controlled trial in which 20 patients with Achilles tendinopathy were randomly assigned to treatment with polidocanol or lidocaine injections [6] . The treatment group reported better pain relief at 3 months. Recently, a double-blind, randomized, controlled trial comparing polidocanol injections with lidocaine injections for the treatment of patellar tendinopathy was published [72] . Thirty-seven patients with patellar tendinopathy and confirmed neovascularization within the patellar tendon were randomly assigned to a treatment or control group. At the 4-month followup, the treatment group showed improvement compared with the placebo group. At this point, the control group was crossed over to the treatment side of the study and received polidocanol injections. At 8-and 12month followup, the treatment and control groups showed improvement in pain and function compared with their pretreatment scores. Although polidocanol injections appear to provide pain relief, it is unclear what role they may play in tendon healing in tendinopathy. Intuitively, one would think sclerosing the neovessels of a damaged tendon would be detrimental to tendon healing and could possibly even cause more damage. Polidocanol injections do appear safe, however. Alfredson and Cook have reported only two complications possibly related to the treatment after injecting over 400 Achilles lesions [5] . These include one complete Achilles rupture and one partial rupture.
Ablation of neovascularization with sclerosing agents is a promising option in the treatment of tendinopathy. Essentially all of the data published in this area to date have come from the group that originally described the technique. Further data from other investigators or a multicenter study would be extremely valuable in validating the safety and efficacy of this technique.
Surgery
Surgery is often considered a last option in the treatment of tendinopathy that persists after exhausting all nonoperative options. The most commonly described procedure is open surgical débridement of the involved tendon or peritendinous tissue with repair or augmentation of the tendon as needed. Although there are many publications describing the results of surgery in the treatment of tendinopathy, our literature search identified only four randomized, controlled studies [14, 27, 129, 144] . Two studies compared surgery to extracorporeal shock wave therapy [129, 144] and two compared surgery to exercises [14, 27] .
Many studies evaluate various forms of surgery to treat Achilles tendinopathy [92, 102, 109, 122, 139, 151, 191] . The approaches vary greatly between studies based partly on the extent of abnormality. Essentially all published studies of the surgical treatment of Achilles tendinopathy are retrospective in nature without control groups. The results vary between studies and appear to correlate with the extent of tendon damage. Morberg et al. reported only a 67% satisfactory functional result at a mean followup of 6 years in a series of 64 patients who required débridement of devitalized tendon [109] . Leppilahti et al. reported 86% good to excellent results in treating patients with chronic peritendonitis, but only 69% good to excellent results when including the patients with substantial Achilles degeneration who underwent débridement of the tendon [92] . Shepsis et al. showed similar results in 54 runners who underwent surgery for chronic Achilles pain [151] . They reported satisfactory results in 87% of patients with paratendonitis and 67% in those with tendinosis.
Surgery has also been advocated for lateral epicondylitis that has failed nonoperative treatment [115] . Nirschl and Pettrone described a 97.7% improvement rate with his open débridement procedure with 85.2% of patients returning to full activity [115] . Since then, several reports have been published describing the results of open, arthroscopic, and percutaneous procedures for the treatment of lateral epicondylitis [66, 80, 128, 176, 179] . Success rates in the 65% to 95% range have been reported, but all published reports have been retrospective or prospective case series without adequate controls. It is difficult to determine the best surgical approach for lateral epicondylitis because of the multitude of reports of different types of surgery that all seem to have moderately good results. A systematic review of surgical procedures for lateral epicondylitis reported in the Cochrane Database suggested no conclusions could be made because of the lack of controlled studies [28] .
The results of surgical options for rotator cuff tendinopathy are also difficult to interpret. Rotator cuff tendinopathy of the shoulder is commonly believed the result of outlet impingement [113] . Accordingly, open and/ or arthroscopic acromioplasty have been the standard treatment for this condition if nonoperative measures have failed. Unless there is a partial-or full-thickness rotator cuff tear, the tendon itself is not addressed. Removing the bursa and impinging bone of the anterolateral acromion appears to provide good results in the vast majority of published trials [18, 70, 118, 169] . As mentioned earlier, the only randomized, placebo-controlled study to compare acromioplasty or supervised exercises to placebo in the treatment of shoulder impingement reported improvement in the surgery and exercise group compared to placebo [27] . No difference was seen between the surgery and exercise groups.
There is not a great deal of evidence available regarding the best treatment once the tendon is degenerating and partially torn. Cordasco et al. showed good results with acromioplasty and débridement without rotator cuff repair in the treatment of articular-sided partial-thickness tears involving less than 50% of the tendon thickness [38] . Interestingly, they did not see a progression to full-thickness tears in these patients up to 10 years after the procedure. In contrast, bursal-sided tears proved much more likely to progress to full-thickness lesions in this series. If the rotator cuff is partially torn involving more than 50% of its substance, the best available evidence supports repairing the torn tendon rather than simply débriding it and doing an acromioplasty [38, 57, 192] . However, no prospective, randomized trials have been published looking at the results of repair versus débridement of partial-thickness rotator cuff tears.
Arthroscopic or open débridement of chronic calcific tendonitis also appears a good option if patients fail nonoperative treatment [146, 156, 195] . Improvement in pain with a decrease in residual calcium deposits has been demonstrated after surgery compared with a matched cohort of patients treated nonoperatively [195] . Surgical débridement of homogeneous calcium deposits in the supraspinatus appeared more reliable than ESWT in a randomized, controlled trial [144] . This treatment can be facilitated by marking the calcific deposits preoperatively using ultrasound guidance [82, 162] .
Although good results can be obtained with débridement and/or decompression of chronic tendinopathies, these procedures are not without morbidity. Failure rates can be as high as 20% to 30% with some of these procedures, and it is difficult to predict who will have continued problems after surgery. For this reason, surgery remains the last option in the treatment of most cases of tendinopathy, and other options need to be explored.
Growth Factors
Growth factors have drawn increasing interest in the field of tendon injury and repair. No FDA-approved treatments are currently available, but many of these factors facilitate healing. Increased levels of growth factors, including insulin growth factor-1, transforming growth factor-beta-1, and platelet-derived growth factor, occur after tendon injury in animal models [44, 54, 182] . In addition, several preliminary studies suggest adding exogenous growth factors to an injured tendon can enhance healing and repair [45, 81, 138, 177] . For instance, the addition of cartilagederived morphogenic protein-2 to an animal tendon repair model recently reported an increase in the strength and organization of the repaired tendon [111, 189] .
Although the application of growth factors to augment tendon repairs seems feasible, it is unclear whether there is a role for growth factors in the treatment of tendinopathy. Increased levels of transforming growth factor-beta1 and insulin growth factor-1 have been demonstrated in areas of tendinopathy, but this does not appear sufficient to heal the tendon injury [154] . One possible explanation is the absence of appropriate receptors or binding proteins needed for the growth factor signaling pathways [54] .
One possible method of introducing an assortment of growth factors to an area of tendinopathy is through the injection of platelet rich plasma or autologous blood. Studies have reported improvement in pain compared to baseline following injection of autologous blood in the treatment of lateral epicondylitis [36, 50] , medial epicondylitis [173] , and patellar tendinosis [75] . No controlled studies have been published evaluating this treatment modality. One controlled study has evaluated platelet-rich plasma injections in the treatment of lateral epicondylitis [108] . In this study, twenty patients with chronic lateral epicondylitis were given either a single injection of platelet-rich plasma (15 patients) or bupivicaine (five patients). The results reported a 60% improvement in visual analog pain scores in the treatment group at 8 months compared to a 16% improvement in the control group. Further investigation is required to determine whether the administration of blood concentrates and/or growth factors will be useful in the treatment of tendinopathy.
Stem Cells
Although no FDA-approved treatments are currently available, applying stem cell technology to the treatment of degenerative conditions of the musculoskeletal system such as tendinopathy is very appealing. In theory, pluripotent stem cells can be isolated and then delivered to an area of need such as an arthritic joint or degenerative Volume 466, Number 7, July 2008 Treatment of Tendinopathy 1547 tendon. Once the stem cells are in the desired location, either local signaling or the addition of exogenous factors can drive the pluripotent cells to differentiate into the needed cell line. Stem cell technology is currently being applied to the creation of tendon and ligament grafts and in enhancing graft incorporation [79, 88, 161] . Chong et al. applied bone marrow-derived stem cells to a rabbit Achilles tendon repair model [34] . They reported the addition of the stem cells in a fibrin carrier resulted in an increased modulus and improved collagen organization compared with control tendons at 3 weeks. Interestingly, no major differences were noted at later time points. This early work suggests stem cell technology may have a role in tendon grafting and repair, but whether this technology will successfully be applied to the treatment of tendinopathy remains to be seen.
Discussion
Tendinopathy is a common and often debilitating condition that can be quite difficult to treat. We performed an extensive review of the literature including 177 clinical trials and systematic reviews of the current treatment options for this condition. Our purpose was to provide a comprehensive and up-to-date review of these treatment options with recommendations based on the best level of evidence available. As this is a review of the literature on the treatment of tendinopathy, the conclusions are limited by the volume and quality of the literature available. In many cases, there is not enough high level evidence available to support the efficacy of the treatment modality evaluated. The lack of suitable evidence in support of a treatment method does not necessarily imply that it is ineffective. Rather, there may be a lack of adequately powered studies to demonstrate its effectiveness. This review is also limited by the variability of the studies evaluated. It is often difficult to group the results from different studies even if they are evaluating the same treatment modality. Dosage, duration of treatment, length of follow-up, type of controls, and severity/duration of symptoms tend to vary from one study to the next. Larger, well-controlled, multi-center trials would be helpful in elucidating the effectiveness of the current treatment options available for tendinopathy.
The results of this review suggest traditional treatment methods, including a short course of NSAIDs and physical therapy, remain a reasonable first line of treatment. Our review suggests eccentric strengthening exercises are a good form of physical therapy while physical therapy modalities such as iontophoresis, ultrasound, phonophoresis, and low-level laser treatment lack sufficient evidence at this time. Corticosteroids provide temporary pain relief but do not appear to have any established longer-term benefit. When these modalities fail, other options should be considered. Glyceryl trinitrate patches are a good next step because they are reportedly effective in well-controlled studies and they result in minimal morbidity. ESWT is an excellent option for calcific tendinopathy of the shoulder, but more rigorous testing is required before advocating its use for other types of tendinopathy. Sclerosing polidocanol injections appear to provide pain relief if the involved tendon has documented neovascularization seen on Doppler ultrasound. Surgical débridement remains a last option for the treatment of tendinopathy because this has considerable cost and morbidity and modest success in treating chronic tendinopathy. In the future, growth factors and/or stem cells may provide benefit as they could potentially reverse the degenerative process and encourage the regeneration of healthy tendon.
